Introduction
============

The principal aim of root canal therapy is to eliminate bacteria from the root canal to prevent apical periodontitis or treat existing periapical disease; chemo mechanical debridement is the main technique to achieve this aim ([@B1]). Persistent infection of the root canal due to the presence of resistance bacterial species, such as *Enterococcus faecalis*, has always been one of the most important reasons for endodontic treatment failure ([@B2]). This microorganism is a gram-positive facultative anaerobic bacterial species, which is the most common species in the majority of resistant root canal infections ([@B3]). Some of the prominent features of this bacterial species are resistance to antibacterial agents, resistance to acidic and basic environments, the ability to invade dentinal tubules and adhere to dentin surfaces, and the ability to proliferate at a wide range of temperature variations and also in the presence of highly saline solutions ([@B3]-[@B7]).

Bacteria are present in the root canal system in planktonic and biofilm forms. One of the other characteristics of *E. faecalis* is its great ability to form a biofilm ([@B8]). A biofilm is a dynamic structure of bacterial populations surrounded in a polysaccharide polymeric matrix. The resistance of bacteria in the biofilm to antimicrobial agents is 1000-1500 times that of the planktonic state ([@B1]). The cells present in the biofilm structure undergo phenotypic changes under the influence of physiologic and metabolic factors of the environment over time and create cells with more resistant phenotypes ([@B5],[@B6],[@B9]). Studies on the biofilm structure of *E. faecalis* have shown that after 6 weeks some signs of mineralization and complete maturation are observed in the structure of biofilm and a period of 6 weeks is considered a time interval for the maturation of biofilm ([@B6]). Sodiumhypochlorite is one of the most commonly used irrigation solutions in endodontics, which is used at a concentration of 0.5-5.25%. Its principal properties are its antibacterial activity due to its proteolytic potential and its tissue-dissolving capacity; however, its disadvantages are its toxicity and unfavorable odor and taste ([@B10],[@B11]).

In previous studies, higher concentrations of sodium hypochlorite have been effective in eliminating *E. faecalis*. In addition, it has exhibited higher antimicrobial activity in comparison to chlorhexidine, phosphoric acid, EDTA, MTAD, tetraclean, SmearClear and polymers containing Ag/ZnO, Ag and ZnO nanoparticles ([@B2],[@B7],[@B9],[@B12]-[@B15]).

It should be pointed out that the majority of previous studies have evaluated the planktonic state and immature biofilms of *E. faecalis* and mature and old biofilms have drawn less attention. The aim of the present study was to evaluate the bactericidal effects of 1%, 2.5% and 5% sodium hypochlorite on 4-, 6- and 10-week-old *E. faecalis* biofilms.

Material and Methods
====================

The design of this study was approved in Tabriz Dental and Periodontal Research Center's investigation committee (No:65/2015).

-Preparation of Samples

Ninety-six human maxillary central incisors, extracted due to periodontal diseases, were selected. The roots were fully developed, mature and straight, with no root caries or prior root canal treatment. Presence of only one canal was confirmed using two radiographs (from mesiodistal and buccolingual directions). The teeth were stored in 0.5% chloramine T solution. All the attached soft tissue remnants were removed from the tooth surfaces using a periodontal curette (Hu-Friedy, Chicago, IL, USA) and the teeth were stored in 0.5% chloramines T solution until used for the purpose of the study.

The tooth crowns were removed atcemento-enamel junction (CEJ) level with a diamond disk (SP 1600 Microtome, Leica, Nu Block, Germany) and the working length (WL) was determined at 1 mm away from the apical foramen, using a \#15 K-file (DentsplyMaillefer, Ballaigues, Switzerland). The root canals were preparedusing the crown-down technique, using RaCe rotary systemas follows: \#40/0.10 for the coronal third, \#35/0.08 for the middle third and \#30/0.06 for preparation up to the WL. Each root canal was flushed with physiologic serum during instrumentation using a 2-mL syringe and a 30-gauge needle.

After instrumentation, 5.25% NaOCl solution was used for 3 minutes; then each root was immersed in 1mL of 17% EDTA for 3 minutes, followed by a final flush with phosphate-buffered saline solution (PBS).

-Microbiologic Procedures

The tooth samples were autoclaved at 121°C and 15 psi for 20 minutes to kill all the organisms. Immediately, all the teeth were transferred into brain-heart infusion broth (BHIB) (Merck, Darmstadt, Germany) at 37°C for 24 hours to make sure of the efficacy of the sterilization procedure. For the biofilm experiment, a pure culture of microorganisms was prepared in BHIB and incubated at 37°C overnight under 10% CO2. Then the bacteria were harvested by centrifugation and suspended. Cell counts were determined using a UV VISIBLE spectrophotometer at a wave length of 600 nm; one optical density unit equals 108 cells/mL (equivalent to 0.5 McFarland solution). Then, each root was placed in a sterile tube containing 2mL of standard suspension of *E. faecalis*. Every other day, fresh nutrient was added to ensure the nutritional support and stability of the media, while the temperature was preserved at 37°C. After 4, 6 and 10 weeks of biofilm growth, the root samples were randomly selected and divided into four groups (n=10), as described:

Group I: phosphate-buffered saline solution (Control)

Group II: 5% NaOCl

Group III: 2.5% NaOCl

Group IV: 1% NaOCl

In group 1, the root canals were irrigated with 10mL of PBS solution for 10 minutes. In groups 2, 3 and 4 the root canals were filled with 5.25%, 2.5% and 1% NaOCl, respectively. The solution was removed after 10 minutes, using sterile paper points, and irrigated with normal saline solution.

Subsequently, all the samples were placed in a refrigerator at -25°C overnight. The resultant precooling prevented *E. faecalis* killing because of drilling heat during the subsequent step. After 24 hours, a thin layer of internal root canal surfaces was removed using Gates-Glidden drills \#5 and \#6. Dentin chips were weighed with a sensitive electronic weighing machine (ASD Co., LTD, Japan) and 10mg of dentin chips were weighed for each sample. Then, the chips were placed in sterile tubes and 2mL of physiologic serum was added to each tube and mixed for 20 seconds. Ten-foldserial dilutions were made up to a concentration of 10-7. In the next stage, 10 mL of each concentration were transferred into three Mueller-Hinton agar plates. The plates were then incubated at 37°C for 48 hours. The number of colony forming units (CFUs) per mL was measured for the three plates at 10-2, 10-3 and 10-4 concentrations.

-Statistical Analysis

Statistical comparison of the means was carried out with Kruskal-Wallis test, and pair-wise comparisons were made by Mann-Whitney U test, at a significance level of *P*\<0.05.

Results
=======

Kruskal-Wallis test showed the significant effect of the type of antibacterial solution and biofilm age on eliminate of biofilms from the root canals (*p*=0.01 and *p*=0.03, respectively). Sodium hypochlorite at 2.5% and 5% concentrations completely eliminated 4-, 6- and 10-week-old *E. faecalis* biofilms, yielding a CFU count of zero. There were significant differences in antibacterial activities of these two solutions and 1% solution and the control group (phosphate-buffered saline solution); 1% NaOCl resulted in 85.73%,81.88% and 78.62% decreases in bacterial counts in 4-, 6- and 10-week-old biofilms, respectively, which were significantly more than those with PBS, ([Table 1](#T1){ref-type="table"}).

Table 1Mean±standard deviation of CFU in study groups.

Discussion
==========

The present study was designed with the null hypothesis that "there is no difference in the sensitivity of 4-, 6- and 10-week-old *E. faecalis* biofilms to the antibacterial effect of NaOCl at different concentrations of 1%, 2.5% and 5%". The result of the study refuted the initial hypothesis, demonstrating that 1% NaOCl was not able to completely eliminate young, mature and old biofilms of *E. faecalis* and was only able to decrease bacterial counts compared to the phosphate-buffered saline solution.

The chief aim of root canal treatment is to eliminate bacteria, as the main etiologic factors for pulp and periapical diseases, from the root canal system ([@B2]). Bacteria have been reported in two forms of planktonic and biofilms, with the latter being a major challenge in the face of antibacterial procedures during endodontic treatment due to its high resistance against antimicrobial agents ([@B16]). On the other hand, the presence of resistant bacterial species such as *E. faecalis*, which is the predominant species in resistant and recurrent endodontic infections, increases the difficulty of root canal disinfection ([@B1],[@B10]).

Previous studies have shown that the resistance of biofilms to antimicrobial agents increases with its aging ([@B6],[@B15],[@B17],[@B18]). Therefore, in the present study biofilms were used instead of bacteria in their planktonic state. The biofilm ages, too, were defined as young, mature and old. The old age of biofilms was defined as 10 weeks of age; however, it was a maximum of 8 weeks in previous studies. *E. faecalis* is considered one of the most resistant bacterial species of the root canal system ([@B6],[@B14]), which was used in the present study. Based on previous studies, this bacterial species has low pathogenicity in its isolated and monoclonal form; however, when it is associated with other species, it exhibits high pathogenicity. For example, its ability for commensalism with Fusobacterium nucleatum increases its resistance to harsh environmental conditions ([@B19]). In this study, one bacterial species was used, while endodontic infections have a mixed nature. This is considered one of the limitations of the present study.

The results of the present study showed that after application of 1% NaOCl solution the bacterial colony counts in the 10-week-old biofilms were higher than those in the 6-week-old biofilms, which in turn exhibited higher counts than the 4-week-old biofilms, consistent with the results of previous studies ([@B9]-[@B10],[@B20]). These findings show that with an increase in incubation time and formation of a more mature biofilm, elimination of bacteria of an organized biofilm becomes more difficult due to the calcified and very organized structure of the older biofilm. In addition, a mature biofilm provides a special environment which isin turn a protective factor for bacteria against destructive agents such as bactericidal irrigation solutions ([@B6]). After 6 weeks of bacterial incubation, the carbonate and apatite phosphate bonds increase gradually on the biofilm surface and the biofilm exhibits a supersaturated structure ([@B6],[@B15]). Higher concentrations used in the present study were able to completely eliminate mature and old biofilms. The efficacy of 2.5% and 5% concentrations in eliminating 6-and 8-week-old bioflms has been demonstrated in previous studies ([@B7],[@B10]); however, no previous studies have evaluated 10-week-old biofilms.

The antibacterial effect of NaOCl solution depends on its concentration, the duration of contact with the solution, its agitation technique and how it is activated ([@B11],[@B13]). In the present study, the contact time was 10 minutes in all the groups. At present, rotary instruments are used for debridement and shaping of root canals, which are able to prepare the root canals in less than 10 minutes ([@B21]). Therefore, it appears during instrumentation of the root canals with rotary instruments use of 1% solution is not a good choice. It is possible that the efficacy of 1% solution increases with an increase in contact time; however, further studies are necessary in this respect. In addition, it is necessary to carry out a similar study by agitating the solution ([@B22],[@B23]). The present study was carried out on straight roots. However, based on some previous studies the penetration of irrigation solutions into the apical areas of the root canal, especially in curved root canals, is limited ([@B24]-[@B27]). Therefore, it is recommended that similar studies be carried out in curved root canals, too, to make it possible to extend the results to real clinical conditions. Furthermore, in previous studies, application of lasers, photodynamic therapy and agitation of the irrigation solution with ultrasonic devices have drawn attention as antimicrobial adjuncts and it has been reported that they increase penetration of irrigation solutions into more apical areas and root canal irregularities ([@B20],[@B28]). It is suggested that the efficacy of these procedures in association with NaOCl, as the most effective canal irrigation solution, be evaluated in relation to old and mature biofilms and mixed bacterial species of the root canal system so that the best antimicrobial protocol can be identified.

Under the limitations of the present study it can be concluded that 1% NaOCl is not a proper choice for the complete elimination of old and mature biofilms which are predominantly found in clinical conditions, especially in resistant infections despite the fact that use of its low concentrations is always recommended due to its toxicity. On the other hand, there was no significant difference in the antimicrobial efficacy of 2.5% and 5% concentrations of NaOCl, making it justifiable to use 2.5% concentration of NaOCl.
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